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rrotein couponents with molecular weights
18,000 daltons vias determined froa mobility
containing sodiuwn dodecvsulfate.was demon-
The methed of iso.ieciric focussing in two modifications
{colurm focussing and focussing on the basis of disk polyacrylamide
gel) was usaed to deronstrate also the

he presence of thregs vrotein-
containing component

ents in low-acid, neutral 2nd low-alkeline zonzs
of rif gradient both by ultraviolet adsorpti

ctien and by radioactive

The starting point of our study consisted of dataz on the structure and
protein composition of Group A arbeviruses, to which the model studied belongs—
namely the virus of venezuelan equine encephaloxvelitis (VEZV).

The electron microscove study of the viricms of Group A arboviruses
enabled us to establish that these consist of an external livoprotein envel-~
ore, 8 basal membrene, and an imner bedy containing RN: and protein {3].

At the same time the electirophesis method in polracrylenide gel wes
used to demonstrate the presence of two (or three) proteins in various repre-
sentatives of the CGrowp A arboviruses [4-8],

FProcecding from this, we found it expedienb, using Ia VEV as a model,
to study the protein components of & virus purified by cambined agents, basing
our study on the date of electrephoresis in agar-polyacrylamide gel, and em-

ploying also the methed of isoelectric focussing of proteins ia two modifi~
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cations,

¥aterial and l'ethods

The VE“V (SPF strain) was rassivated in prelimin~rily trypsinized chicken
fibroblasts (monolayer and culturing of cells in [illegiblel....) [1].

The infection titer in plague~type units per 1 ml and the amount of hemag-
glutinin (in hemegzlutinin units per 1 ml) were determined by the comamonly used

methods, such as were described earlier [1],

Radicactive isotoves, In most of the tests, to determine the radioactive

level of the virus e used C“‘-hydrolysate of chlorella (Radioisotope Center &t

leningrad),

Obtoining C”"—?-Zar?:cd Virus, 4 two~day single-layer cell culturz of

chicken fibroblasts was infected with 2 multiplicity of 5-10 BPU/cell, and
inmnediately follouing & triple washing the cells from the virus were piaced in
an accumulation mediwm «t 5 ge/ml of Cu‘-h:,:dro];:.';ate of chlorella, After 2}
hours the yield of virus was collected, and infection hemagzlutinating activity
and also the level of inclusicn of the lzbel were determine, As an accumilation
mediva we used Zarlts sclution with 0,59 beef serway this appeared to give optimal
results [2],

Concentration and purity of the virus, and also the means of obtainiug

individual fractions of the virus, were described in [2].

Yethed of Flectrophoresis in Azar Polyacrylamide Gel, We employed the

rmethods desvribed in {7, 9] with onlr slizht modification,

Preparations of the purified virus (fract;ions from the cesiun chloride
gradient with density of 1,25-1,23 g/cmB) were solubilized in a mixture with
the follosing composition: 1/10 of volume glacial acetic acid; 1€ dodecylsvl~

fite of sodiwa; 1 ¥ of urea; 19 of mercaptoethanol (terminal concentrations are
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indicated), incubated for [nu=eral illegible] hours at 37°C, dialyzed agairst

0,01 M of phosphate buifer ph 7.2 with 0,19 dcdecylsulfite of sodium, 0,5 ¥

of urea and 0,1% of mercaptoethanol, Follering this the samples, with protein

-content of 20 ug, vere compressed on disk gels in a volume of 0,2 ml. The com-
position of the gel mixture was as folloss: 107 of acrylamide; 0,54 of 1, W'~
methilene~bis-acrylenide; 0,15 of sodium dodecylsufite; 0,1 ¥ of sodium phosphate
buffer. p 7.2; 0.0343 of N, N, N', Hit~tetramethylethylene diemine, and 0,075 of

ammonivm perculfete, The electrorvhoresis was conducted in the American~built
Polyenalyst apparatus, Further details of the techniques of the electrophore-
sis, and on the method of computing the molecular weighis of the components

can be found elsevnere [2],

Studv_of VBV vroteins was conducted using the method cf iscelectri

focussing devised by the IXE.firm of Sweden [10],

e made an attemot to utilize disk polyecrylemide gel for the isoelec-

tric focussing of the proteins, Two methodological variations were empleyed:
1) use of carbon electrodes, and 2) use of 2cid-base locks, The principles
of the two variations are shown in Fig, 1.,

To destroy the virvus, ‘1 $§ dodecylsulfite of sodiwm (finzl concentra-:
tion), sludge-£0 with ether (1:2), sludge with ether (1:2) were used, The dodecyl-
suliite was removed by dialysis, Solubility of the proteins was raised and
concentration (up to 2,53) of the ampholyte carriers increased; also by the addi-

tion of solubilizing agent agent as uree,
ks a stabilizer of pH gradizat (range of 3,0~10,C) we used & gel of the

following ccaposition: acrylemide (final concentration 5%), bis-acrylemide,

one-twentieth part of the concentration of the acrylamide, and ampholyte-
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carriers (fnal concentration 2%), The gel was polymerized photocatalyticelly, 5

kit

As a catalyst we used a solution of the follewing composition: 4 ml of ribofla- !

vin were added to & velume of 100 ml of water, the <olution was filtered, and anm~ E

o

A phybolite~carrier up to & concentration of 0,5%. As casting forms we used the E:

&

43 . . ,: t

2 glass tubes from the “Rezinal® set produced in Hungary, H
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Figure 1, Iayout of protein~-frzctinating apparatus, with use of .

isoelectric focussing, 4

<54

F 2. A = Fodification with acid~base lecks; 1 ~ sample containing 4

- S ) virus protein; 2 -~ ,.....[31). zible] corresvending pH renge;

: 3 -~ 2lkali lock; L ~ acid lock; 5 - disk polyacrylemide gel 4]

2 »; with.,..[ildegible], 255 6 - ,,,[1llegible]; 7 - ...[ille~

o gible; B - lLodification with carbon electrodes: i ~ sample A

b 3 containing protcing 2 ~ ampholine containing dieznaliney 3 - -

e e disk gel with ampholine (23); and L - carbon electrodes 3

N ¢ The focussing process was conducted at 100 amps for a period of 24 ~ 28 3

-

. hours, Into each tubc was piaced 150~200 yg of protein tagged with C'¥, The

4 3 conclusion of the process was controlled by minimel values of current on &
ks 1 milliermeter, The disk gel was prepared with a special cutter to form disks
\ ! 1 mm in thickuess,

The fractions were dried on filter paper and placed in
i scintillation fluid (2,5-diphenyl...., 5 g, 22 n-pnenyl-bis (5-phenylexasol),

O-.B g, toluene, 1 1) and the radioactivity was recorded (Trocarb, Spectroreter

N | .
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Packard, USR), The con'rol tube was cut into several equal portions, in order
to secure fraction elution of the ampholyte-carriers and to record, over the
veriod of & day, the values of pH with the micromethod (amount of elute up to
1 ml),

For isoelectric focussing [11] a colwin of 110 ml volunn was used; this
was in the form of a verticzl tube with internal and external jackets for thermo-
stating, and also uppexr and lcrer electrodes, At the bottom is a stoprer with
tube,

In a solution of the light ccosponent were dissolved ampholyte-carriers
(pH range 3,9-10,0). The solukilizing agent was urez, For agatation of the
solutions in the column was employed an IXB 1020Q Ierneks pump,

Saccharcse was added to the light component in the amcunt of 40 mg of

2
o,

13 2, C""’-h"drolyzate of chlorellz),

2
tagged purified birus (precursors H’-i:-i

The virus vrotines were obtained by destruction with type 80 ether, The actual
separation required 72 hours, The stabilizing action of the density gradient
and the consiruction of the column prevenled displacement of the separation
balance of the substances, In a subsequent study we used & fraction collector

vith the L¥B,7000 cooler (Ulyrarak)., As analyzer recording the ultravioled

ebsorption in the flow, the Unikord I¥B 309 was uséd.

.
<

Results, Electrophoresis in gel, /Analysis of the rrateins of VEEV virus in
agar-polyacrylanmide gel showed the presence of three dustinct peaks of radio-
activity (Fig, 2). Preceeding from the relative migraticn of the protein com-
ponents, we calculated their molecular weights, As markers we used beef serum
albumin, tryvsin, ribonuclease, all obtained from the American Koch-~Light firm,
The method used for calculating the molecular weights has bzen described above,

T-he molecular weights turned out to be 59,000, 34,000 and 18,000 daltons,
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Isoelectric focussing.

A,~ Modification in disk volvacrvic.ide gel,

Derending

cn the method of destruction, we obtzined the following results: vwhen sodium

anion "coat! were focussed in one zone of the pH gradient (Fig. 3~A). In the

case of the use o, twine-80 or twine-20 with ether (1:2) as detergents, ve ob-

1 £y IR EA £

i
dodecylsulfite was used in processing the virus, the proteins, obtaining an z
1

N

i

tained three protein components in weak acid, neutral or alkaline zones (Fig. ZB).

<. 30

B, Colwmn isoelectric focussing,

In developing the same material with twine~

80 with cther “sisvally in the focussing process during the second day we ob-

xXeTY,

e 5 R R ORI SV S h AT
3, o o
ks

served three bands of precipitation in weak-acid, neut#al and weak-alkaline

H ‘;

o

zones, Upon analysis of the £ ractions follewing elusioR in the colwm, there
vwas noted 2 coincidence of the peaks of ultraviolet absorption and radioactive 4

labzels this indicated the presence of three protein components (Fig, 4)
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Figure 3, VEEV proteins in conditions of isoclectric focussing (pd, 3.0-10),
Focussing for a wvericd of 24 hours. fcid concentraticn, H,P0,; base con-
centration, 1% H20i, with carbon electrodes, 200fig oforotein were de-
posited on the tube. Concentratica of ampholine, 2%, Polyaciylamide

gel, 53, Cn the left, processing of protein with sodium dodecylsulfiibe;

cn therizht , wrocessing with twine~20 with ether (1:2), 1 ~ radioactivity;

2 - pll gradient; on the x-zxdis, “racticn number.

Discussion
At the present moment, @ certein inconsistency exists in the data pub-

lished on this subject of proteins in Group A arboviruses, Thus, the method

of electroghoresis and polyacrylemide gel has made it possible to show that within
the composition of the purified Sindbis virus there are ai least two proteins [73,

one of which enters into the commosition of the membrane, the otner into that of

the nucleoid, Yin and Lockart [12] heve obtained an analogous result, while

Horzinck and Mussgay [8] have reported the presence of a third protein compo~
nent, Friedman [4] has also reported three proteins in the structure of the
Semlili Forest virus, twc of which form part of the ribonucleoteid of the viruc
with 2 sedimentation constant of 140 S, derived fram infected cells, Finding
two main prieins, and indicating the presence o_f a minor component in the

Chilungupye virus, Igarashi et al, [3] express the suggestion that this difier~

ing nuzber of proteins in the Group A arboviruses is explained by structural
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peculiarities of the various viruses, or by variation in methodological proce-
dures used in ovtaining virus components and by differences in the degree of

rurification,
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Figire L, Proteins of the VEEV, as in-
vestigated by the method of column
isoelectric foxussing,

pH gradient, 3,0-10.9. Duration of
focussing, 72 hours, Concentration of
amphiline, 1,534, 1 - registration of
infra red absorpticn., 2 -~ radioachtive
C'# parker with chlorella hydrdlyzate,
3 - pH gradient, On the y-axds, radio-
activity (in imp/min...) on the Tigat,
pH velues, Oa the x-2xis, fraction
nuwbers,

The use of two methods--clectrophoresis and polyacrylamide gel and iso-
electric focussing of proteins (in two modifications), maekes possible a conclu-
sion regarding the comsosition of high-purity virions of VEEV (Strain SPI) of
thrce prote‘in-containing components, Hosever, making such a conclusion on a
clean model, we uo not consider as justified its extension to the protein

convosition of all Giroup A arboviruses,
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